Severe clinical signs of swine infertility and respiratory syndrome (SIRS) of unknown cause were observed in several Minnesota swine farms between November 1990 and March 1991. Forty-five lung samples of weak pigs were collected from 13 swine farms, and virus isolation was attempted using swine alveolar macrophage (SAM) cultures. A cytopathic virus was isolated from 19 lung samples collected from 6 different farms. Four pregnant sows were infected intranasally with a tissue suspension from which virus was isolated, and 4 6-week-old pigs and 2 contact pigs were infected intranasally with 1 of the isolates. The 4 sows farrowed 12 stillborn and 32 normal pigs. Virus was recovered from 10 of 19 pigs examined. Infected 6-week-old pigs were clinically normal except for slightly elevated rectal temperatures and mild respiratory signs. No or mild interstitial pneumonic lesions were observed in inoculated pigs, but the lesion was obvious in the 2 contact pigs. Seroconversion was observed in sows and pigs as measured by indirect fluorescent antibody (IFA). Serologic identification of the isolates was carried out by IFA using reference serum prepared from an experimentally infected sow. A cytoplasmic fluorescence was observed on the SAM monolayers infected with each of the 19 different isolates. Fluorescence was also observed when the monolayers were tested with SIRS virus ATCC VR-2332-infected sow sera. Replication of the isolates was not affected in the medium containing 5-iodo-2'deoxyuridine but was inhibited by treatment with ether. The isolates were relatively stable at 56 C and did not agglutinate with various erythrocytes tested. These results are similar to those of previous reports, and the isolates, designated as SIRS virus, were the cause of SIRS on the farms investigated.
During the last 3-5 years, many swine producers in eluding swine influenza virus, encephalomyocarditis the United States have experienced outbreaks of a swine virus, and Chlamydia, have been incriminated as causinfertility and respiratory syndrome (SIRS), a disease es for SIRS. 4 However, an apparently new virus, which often referred to as "mystery swine disease" because the cause was unknown. 3, 4 The syndrome has been typically characterized by pyrexia and transient anorexia in nursery or breeding pigs; abnormal farrowings, including stillborn, mummified, and weak-born pigs in pregnant sows; and respiratory signs with interstitial pneumonia in young pigs. The signs were observed for 2-4 months on affected farms. The SIRS is now considered an economically important disease because of the severe adverse effects on production. The SIRS or a syndrome with similar clinical signs has been reported in most swine producing areas of the United States, Canada (Zimmerman JJ, Johnson R: 1991, Abstr Conf Res Worker Anim Dis #306), and several European countries. 5, 7, 8 Different infectious agents, in-has not been fully characterized, has been reported as the definitive cause for American SIRS (SIRS virus ATCC VR-2332) 1 and European SIRS (Lelystad virus). 6,7 Experimental reproduction of SIRS has been successfully demonstrated by inoculation of each virus in susceptible pregnant sows 2,6 and piglets. 3 Both viruses were classified as RNA viruses, were sensitive to chloroform treatment, and did not agglutinate different species of erythrocytes. 1, 7 The present report describes similar virus isolations from weak pigs from farms with a history of SIRS. Demonstration of the pathogenicity in pigs and some characteristics of the isolates are also described.
Materials and methods
Herd history and sample collection. Several alveolar macrophages (SAM) were collected aseptically from fresh lungs of 4-8-week-old specific-pathogen-free pigs. The lungs were washed intratracheally 2-4 times with phosphatebuffered saline (PBS) (pH 7.2), and the wash fluids containing SAM were pelleted by centrifugation for 10 min at 300 x g. The cell pellets were washed again and resuspended at a concentration of 2 x 10 6 cells/ml in RPMI-1640 medium, supplemented with 10% bovine fetal serum, 0.15% sodium bicarbonate, and antibiotics. SAM cells that had been stored at -70 C or in liquid nitrogen with a freezing medium 7 were also used. Cells were grown in 24-or 96-well microplates at 37 C in an atmosphere of 5% CO,. Tissue samples were prepared for virus isolation by mincing, diluting 5-10 times in cell culture medium, and sonicating for 1 min. After centrifugation, the supernatants were filtered through a 0.22-pm filter. The filtrates were inoculated onto 5-15-hr-old SAM monolayers and were examined daily for cytopathic effects (CPE) for 2 wk. Monolayers without CPE were passaged 2 times to confirm negative virus isolation results.
Experimental inoculation in pregnant sows and young pigs.
Two pregnant sows at 93 days of gestation were inoculated intranasally with 1 of the original lung homogenate filtrates (2 ml, isolate MN-la) that caused a CPE on SAM cultures, and the sows were allowed to farrow naturally. Two more pregnant sows at 96 days of gestation were inoculated similarly with lung homogenates (2 ml) of stillborn pigs from 1 of the first 2 sows. A 50% immunofluorescence infective dose (IFID 50 ) was 10 2.5 per milliliter of lung homogenate as determined by the method described below. Clinical signs, farrowing results, and antibody response of each sow were recorded. Virus recovery from the fetuses was carried out using SAM cultures as described above. Four 6-wk-old pigs were also inoculated intranasally with 1 of the isolates (second passage of MN-1 a on SAM, IFID 50 10 3.5 /ml), and 2 pigs were housed in the same room to serve as contact controls. Daily clinical signs and blood samples at different intervals were obtained from each pig. Tissues for microscopic examination were collected from infected pigs 28 days postinoculation (PI) and from contact pigs 14 days after exposure. Tissues were fixed in 10% buffered formalin, and paraffin sections were stained with hematoxylin and eosin by routine methods.
Serology and reference serum. Antibody response to SIRS virus was tested by an indirect fluorescent antibody (IFA) method using SAM monolayers infected with SIRS MN-lb in 96-well microplates as previously described. 9 SIRS virusinfected monolayers were incubated with dilutions of test sera, washed, and then incubated with rabbit anti-swine IgG fluorescein isothiocyanate (FITC). a After washing again, the monolayers were examined under a fluorescent microscope. End points were determined as the highest serum dilutions with specific fluorescence. Positive reference serum was collected from sow No. 1, which had been inoculated experimentally with 1 of the lung homogenates and subsequently delivered an abnormal litter with positive virus isolation. Negative reference serum was collected from the same sow prior to inoculation. Paired sera of sows that had abnormal litters following inoculation with SIRS virus ATCC VR-2332 in a previous study 2 were also used.
Infectivity titration. Virus infectivity was determined by
IFID 50 /ml. Ten-fold serial dilutions of virus samples were inoculated onto 5-15-hr-old SAM monolayers in 96-well microplates, and the monolayers were fixed 4 days PI with 100% cold ethanol for 10 min. Each well was incubated with a 1:40 dilution of the positive reference serum at 37 C for 45 min, washed 4 times with PBS, incubated similarly with rabbit anti-swine IgG FITC, washed again, and then examined under a fluorescent microscope.
Characterization of the isolates. Serologic characterization of the isolates was carried out by the IFA method. The SAM monolayers infected with different isolates were incubated with each of the positive and negative reference sera (1:40), washed, incubated with rabbit anti-swine IgG FITC, washed again, and examined for the presence of cytoplasmic fluorescence. To demonstrate a cross-IFA relationship, the monolayers were also reacted with sera from sows infected with SIRS virus ATCC VR-2332. Nucleic acid type of the isolates was determined by the inhibitory effect of 5-iodo-2'-deoxyuridine (IUDR) on replication for DNA viruses. Infected SAM monolayers were maintained for 5 days with medium containing 50 µg/ml of IUDR, and the culture fluids were examined for virus infectivity. To determine ether sensitivity, equal volumes of the isolates and anesthetic grade ether were mixed vigorously and left at 4 C for 1 hr. After centrifugation at 5,000 x g for 15 min, the aqueous layer was removed and placed in a vacuum chamber for 1 hr to remove residual ether. Isolates were then titrated for IFID 50 / ml. Heat stability was examined by heating aliquots of the isolates at 56 C for 10, 20, and 30 min and then measuring the IFID 50 /ml. Red blood cells (RBC) of guinea pig, rat, mouse, and chicken were collected, and hemagglutination (HA) ability of the isolates was tested by routine methods. Various primary and established line cell cultures were examined for in vitro cell susceptibility. The cell cultures tested were primary cultures of swine lung, tracheal epithelium, heart and kidney, chicken embryo fibroblast, and established cell lines of swine testis, porcine turbinate, porcine macrophage, bovine turbinate, African green monkey kidney (Vero), baby hamster kidney (BHK-21), and canine kidney (MDCK). The MN-1b isolate ( 10 4.5 IFID 50 /ml) was inoculated onto each cell monolayer, incubated for 3-5 days, and examined for CPE. The inoculated cultures were frozen and thawed twice and passed 3-5 times on each cell line.
Results
Of 13 swine farms investigated, pigs on 9 farms had typical clinical signs of SIRS; they exhibited both reproductive and respiratory syndromes for 2-4 months. In addition, some of the farms had extended postweaning nursery problems with respiratory disease. Clinical signs in 4 of 13 farms were not typical of SIRS, although there were some respiratory signs in the nursery or poor conception and farrowing rates in the breeding herd that led to the investigation for SIRS virus.
A cytopathic virus was isolated from 19 of 45 lung samples from weak pigs. Seventeen of 19 virus-positive samples were from pigs < 7 days of age (Table 1) . Virus isolation was made from samples from 6 of 9 farms that had shown typical SIRS signs. The virus isolation results were confirmed in a repeated trial. The CPE was characterized by lysis, rounding off, and the clumping of the macrophages (Fig. 1) and was observed between 3 and 11 days PI. The isolates were designated as SIRS virus.
Following experimental inoculation of pregnant sows with tissue homogenates and of 6-week-old pigs with isolate MN-la, no major clinical signs were observed except slight elevation of rectal temperature in the sows and mild dyspnea in the pigs. The 4 sows farrowed a total of 12 stillborn and 32 normal live pigs ( Table 2) . Virus was recovered from 10 of 19 fetuses tested from 3 litters. The IFA titers of the 4 sows, 4 pigs, and the 2 contact pigs were < 1:4 at the time of inoculation. The titers were between 1:16 and 1:256 18-21 days PI for sows and ≥1:256 for all pigs 14-28 days PI. No or mild interstitial pneumonia was evident in the lungs of the 4 infected pigs, but severe interstitial pneumonitis was observed in lungs of the 2 contact pigs. The lesion was characterized by marked thickening of interalveolar septa containing mostly macrophages, moderate numbers of lymphocytes, and some plasma cells (Fig. 2) .
A perinuclear to cytoplasmic fluorescence was observed when SAM monolayers, infected with each of the 19 different isolates, were reacted with positive reference serum but not with negative reference serum. Similar fluorescence was also observed when the monolayers were examined using sera of 6 different sows infected with SIRS virus ATCC VR-2332.
No significant decrease in infectivity was recorded for the 3 different isolates by treatment of infected cell culture with IUDR, whereas the infectivity was completely eliminated following ether treatment. The infectivity was reduced by treatment at 56 C, but residual infectivity remained after incubation at 56 C for 30 minutes ( Table 3 ). None of the isolates hemagglutinated erythrocytes of guinea pig, rat, mouse, or chicken. In vitro cell susceptibility of the isolates was limited to only SAM cells, and no evidence of viral replication or cytopathic changes was found when the isolates were blindly passaged 3-5 times on the 12 cell cultures.
Discussion
Severe outbreaks of SIRS during a relatively short time presented an opportunity for investigation of the etiology of the disease. While the investigation was progressing, information regarding the isolation of Lelystad virus became available, and the European findings prompted the use of SAM cells in this study. Initial attempts to isolate previously known viruses, including porcine parvovirus, pseudorabies virus, encephalo-myocarditis virus, and swine enteroviruses, from these samples were unsuccessful. The SAM monolayers inoculated with 19 of 45 lung samples exhibited CPE, which was confirmed with IFA using the positive reference serum as well as SIRS virus ATCC VR-2332infected sow sera.
Samples from farms B and E were obtained from a single litter on each farm, and virus was isolated from all 3 weak-born pigs of each litter. In contrast, the farm J samples were collected from 11 pigs representing 7 different litters. Virus was isolated from pigs from 5 of 7 farm J litters. These results indicate that virus isolation is successful if the samples are collected from litters with typical SIRS signs.
Only limited numbers of experimental animals were used to reproduce the disease with the isolates, partly because a similar pathogenesis study in pregnant sows has been recently completed. 2 Even with small numbers of animals, evidence for both the reproductive Table 3 . Infectivity* of SIRS virus isolates following treatment with 5-iodo-2'-deoxyuridine (IUDR), ether, or heat. and respiratory syndromes was demonstrated. No SIRS
